Abstract: There are some brain disease sufferers, who face difficulties in performing various tasks while maintaining standing posture. We examined how the difference in presentation modality and cognitive load affect information processing and the maintenance of standing posture. We assigned tasks based on the Paced Serial Addition Test (PSAT) to 11 healthy adults. More precisely, we presented digits auditorily or visually and analysed parameters, namely, the precision and the speed of processing as well as the center of pressure (COP). It was found that both the precision and the speed of processing were higher in visual presentation than in auditory presentation, and as cognitive load increased these parameters began to show poorer results. COP became unstable when cognitive load exceeded a certain degree.
Introduction
In our daily lives we perform various tasks while standing. For example, we talk, watch or think while simultaneously maintaining standing posture. Unlike healthy people, however, there are patients who face certain difficulties in such task performance due to cerebrovascular disease, schizophrenia or other brain diseases. As long as they concentrate only on maintaining standing posture, the posture remains stable. When others talk or show something to them, however, the posture may become unstable and conversation or thinking process could be interrupted. In human actions, a series of information processing from receiving external information through various sensory organs, cognizing it to choosing adaptive movements is carried out for various tasks at a time.
It has been reported that many factors such as age [1, 2] , visual information [3] , auditory information [4] , mental arithmetic [5] and recognition tasks [2, 4, 6] affected standing posture. But the influence of the difference in presentation modality or in cognitive load has never been documented.
It is generally believed that humans collect 80% of external information visually and 10% auditorily. In addition, there are reports that auditory sense is superior to vision with regard to sensory memory duration and simple reaction time [7−9] . In other words, the difference in presentation modality may have a certain kind of influence on subsequent information processing and task performance. Moreover, it is said that information processing depends heavily on the capacity of working memory [10−12] . It is likely that when we have brain disease, the sensory input mode shifts and working memory load increases, hence changes in information processing and standing posture.
Elucidation of such influence may enable us to develop an assessment battery for examining one's ability to perform tasks and maintain standing posture at a time. In addition, it may suggest appropriate ways of presenting information which allow one to think and perform tasks while safely maintaining standing posture. Therefore, the purpose of this study is to clarify the influence of the difference in presentation modality and in cognitive load on information processing and standing posture with the use of parameters: processing precision, processing speed and the center of pressure (COP).
■ORIGINAL ARTICLE
Do presentation modality and cognitive load affect standing stability?
Material and methods

Participants
Participants were 11 healthy adults (gender: male 6, female 5, age: 23 ± 4 years, height: 168.09 ± 11.46 cm, weight: 59.82 ± 10.82 kg) with no hearing impairments and visual acuity of 1.0 (measured by the Landolt C). All of them were right-handed and had never received the Japanese abacus training. They were able to stand still while adjusting the initial COP to the base point of the force plates. People with disorders or problems which could affect standing posture or mental arithmetic were not included. This study was approved by the ethics committees of Yamagata Prefectural University of Health Sciences and Tohoku Medical College and all participants agreed to join, having been given due explanation about the purpose of this study prior to the experiment.
Tasks and Procedures
Tasks were derived from the Paced Serial Addition Test, or PSAT [13] , which required that participants should be presented with 61 single digits in random order and quickly add each new digit to the one immediately prior to it. PSAT is a measure of attention deficit and has two types, both of which were applied for this study. One is the Paced Auditory Serial Addition Test, or PASAT [14] , where digits are presented auditorily and the other is the Paced Visual Serial Addition Test, or PVSAT [15] , where digits are presented visually.
Four types of cognitive load were provided in the form of N-back tasks [16] for PASAT and PVSAT respectively. The tasks were adding each new digit to the digit immediately before it (1-back), to the digit two previous to it (2-back), to the digit three previous to it (3-back) or just repeating each new digit (0-back). Participants were asked to answer (the range of correct values: 3−17) or repeat (the range of correct values: 1−9) as quickly as possible while maintaining static standing posture.
Although 61 single digits were presented randomly, the same digit was never presented consecutively. The interval between two digits was 3.0 seconds both in PASAT and in PVSAT just as it was in PSAT. The duration of digit presentation was about 0.5 seconds, i.e., the time length for an auditorily presented digit to sound natural enough, and in PASAT the average time from the beginning of the first syllable of a digit until the beginning of the last was 0.288 seconds. Arabic numerals were used in PVSAT. Tasks were provided in a random manner in order to avoid the effect of memory, and the duration of each task was planned not to exceed three minutes to prevent fatigue. There was a break between tasks, and the experiment was resumed only after confirming that participants were feeling no fatigue. Fig. 1 illustrates these tasks and procedures.
Participants' Posture and Device Setting 2.3.1. Participants' posture
As in Romberg' test, participants were requested to stand barefoot on force plates placed in a dim room [5] , letting arms hang down naturally (Fig. 2 ).
Device setting
In PASAT digits were presented at the right volume through earphones connected to a PC. In PVSAT digits were presented on a screen set in front of the participant through a projector connected to a PC. The position of digits was adjusted to the eye level of each participant. Digits were presented in 1.7 degrees of visual angle so that they were large enough for any participant to fully identify. Participants were requested to keep opening their eyes during tasks. In PASAT, they were also requested to watch on the same height point on the wall as digits presented in PVSAT. Throughout the task performance COP was recorded at the sampling frequency of 50Hz using two force plates (Kineto Gravicorder G-7100 manufactured by Anima Corp., Tokyo, Japan). In order to distinguish correct answers and incorrect ones, presented digits (sounds or images) and participants' oral answers were recorded with two digital video cameras (NV-GS300 manufactured by Panasonic Corp., Osaka, Japan: 30 frames per second) placed in the participant's overhead and side positions respectively. In addition, in order to measure reaction time, oral answers were recorded at the sampling frequency of 2,000Hz with a microphone (ECM-TL1 manufactured by Sony Corp., Tokyo, Japan) connected to a PC. At the same time, the whole data, namely, COP, presented sounds/ images and participants' oral answers, were recorded with a real-time synchronous recording system for digital motion pictures and waveforms (Teraview manufactured by Gigatex Co. Ltd., Osaki, Japan).
Analysis 2.4.1 Analyzed items <Processing Precision>
Processing precision was quantified in the form of the percentage of correct answers for all tasks (60 answers) both in PASAT and in PVSAT. <Processing Speed>
Processing speed was quantified in the form of reaction time both in PASAT and in PVSAT. For every answer in each task (60 questions), the time from the beginning of the digit presentation until the beginning of the answer was measured. <Instability of Standing Posture> For each task the distance COP travelled during the time from the beginning of the first digit presentation until the end of the last (60th) answer was measured. Instability of standing position was quantified in the form of that distance divided by the time consumed (mm/s).
Comparison of items
In order to identify the influence of the difference in presentation modality on information processing and the maintenance of standing posture, we compared the percentage of correct answers, reaction time and travel distance of COP between the tasks of PASAT and PVSAT sharing the same N.
Also, in order to identify the influence of the difference in cognitive load on information processing and the maintenance of standing posture, we compared the same items as above between the tasks with different Ns both in PASAT and in PVSAT.
For the purpose of statistical data treatment the Wilcoxon signed-rank test was used and the level of significance was set at less than 5%. 
Results
The percentage of correct answers, reaction time and travel distance of COP are shown in Table 1 .
Influence of Difference in Presentation Modality on
Information Processing and Maintenance of Standing Posture (Table 2 ) <Processing Precision>
In 0-back tasks no significant difference was found in the percentage of correct answers between PASAT and PVSAT.
In 1-back, 2-back and 3-back tasks the percentage of correct answers of PVSAT was significantly higher than that of PASAT ( p < .01, p < .05 and p < .05, respectively). <Processing Speed>
In 0-back, 1-back, 2-back and 3-back tasks, reaction time of PVSAT was significantly shorter than that of PASAT ( p < .01, p < .05, p < .01 and p < .01, respectively).
<Instability of Standing Posture>
No significant difference was found in travel distance of COP between PASAT and PVSAT.
Influence of Difference in Cognitive Load on Information Processing and Maintenance of Standing Posture (Table 3) <Processing Precision>
The percentage of correct answers decreased as cognitive load increased, and a significant difference was found whenever two tasks with different Ns were compared both in PASAT and in PVSAT ( p < .01 and p < .01, respectively).
<Processing Speed>
In PASAT reaction time became longer as cognitive load increased, and a significant difference was found whenever two tasks with different Ns were compared ( p < .05 or p < .01).
In PVSAT reaction time became longer as cognitive load increased, and a significant difference was found between 0-back and 1-back tasks ( p < .01), between 0-back and 2-back tasks ( p < .01), between 0-back and 3-back tasks ( p < .01), between 1-back and 3-back tasks ( p < .01) and between 2-back and 3-back tasks ( p < .05). However, no significant difference was found between 1-back and 2-back tasks. <Instability of Standing Posture>
In PASAT travel distance of COP became longer as cognitive load increased, and a significant difference was found between 0-back and 3-back tasks ( p < .05) and between 1-back and 3-back tasks ( p < .05). No significant difference was found in other combinations of tasks.
In PVSAT travel distance of COP became longer as cognitive load increased, and a significant difference was found between 1-back and 2-back tasks ( p < .05) and between 1-back and 3-back tasks ( p < .01). No significant difference was found in other combinations of tasks.
Discussion
Data Summary is shown in Table 4 . 
Influence of Difference in Presentation Modality on Information Processing and Maintenance of Standing Posture
Processing precision, namely, the percentage of correct answers, was higher in PVSAT than in PASAT when N, the indicator of cognitive load, was more than 0. As for processing speed, reaction time was longer in PASAT than in PVSAT regardless of the value of N.
Past literatures on mental arithmetic reported that cognitive load was smaller in visual presentation than in auditory presentation [17] , and that the same part of the cerebrum was active whether the presentation was auditory or visual [18] . Thus it is suggested that mental arithmetic depends conclusively on visual images. In other words, addition of visually-presented numbers may be actually performed in two steps, namely, recognition of Arabic numerals and following practical calculation, whereas addition of auditory stimuli may need three steps, namely, phonological identification, recollection of Arabic numerals and practical calculation.
Considering the above, it is presumed that the results of PASAT in processing precision and speed were inferior to those of PVSAT because its intricate procedure preceding practical calculation became an extra burden and interfered with the maintenance of auditory information. That burden, however, may not be heavy enough to disturb the maintenance of standing posture, as no difference was found between PASAT and PVSAT in travel distance of COP. 
Influence of Difference in Cognitive Load on Information Processing and Maintenance of Standing
Posture Both in PASAT and in PVSAT the percentage of correct answers, i.e. the indicator of processing precision, decreased and reaction time, i.e. the indicator of processing speed, became longer as cognitive load increased. This result suggests that the increase of cognitive load imposed on working memory affects a serial process from perception, cognition, encoding, maintenance, recollection to mental arithmetic, only to complicate information processing.
Both in PASAT and in PVSAT again, travel distance of COP, the indicator of instability of standing posture, became long when N, the indicator of cognitive load, reached 3. This result may be related to the distribution of attention which happens in the dual-task situation where one is asked to perform information processing and to maintain standing posture simultaneously. It is likely that in daily activities one divides his/her attention which is supposed to be a limited processing potential. Therefore, the more attention one task attracts, the less attention the other is allocated, which induces the latter's poor performance.
Considering the above, it may safely be said that this study suggests that the increase of cognitive load imposed on working memory boosts attention to PASAT/PVSAT while reducing attention to the maintenance of standing posture. Standing posture seems to become unstable especially in 3-back tasks. 0-back tasks include the load of just one digit, which can be regarded as one chunk of memory [19, 20] . Then, working memory load in 3-back tasks, where one is requested to remember at least 4 digits while performing addition, may be equivalent to more than 4 chunks of memory. Therefore, it is suggested that even a healthy person's standing posture may become unstable when he/she is given more than 3 units of information, regardless of presentation modality, and, on top of it, the necessity of relevant mental operations.
Conclusion
This study suggested that visual presentation of information was more effective than auditory presentation in maintaining the precision and the speed of task performance while standing. It also indicated that no more than 3 chunks of information should be presented, whether auditorily or visually, in order to prevent postural instability.
Because of the limitaiton that the participants were only healthy adults in this study, a certain consideration should be given when adapting these findings to patients with brain diseases. The number and the time of tasks might burden patients if this method is simply applied in a clinic. Therefore, further research will be needed to simplify the method to make it applicable to patients with brain diseases. 
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